The aim of a lifestyle modification in the treatment of hypertension is not only to reduce blood pressure levels, but also to prevent cardiovascular events. A large number of studies suggest that lifestyle modifications such as habitual exercise and healthy eating habits, can moderate the development of hypertension and cardiovascular disease (CVD). 1-4 Thus, we consider early-stage a lifestyle modification, especially focusing on blood pressure control, to be necessary for preventing the development of CVD.
The aim of a lifestyle modification in the treatment of hypertension is not only to reduce blood pressure levels, but also to prevent cardiovascular events. A large number of studies suggest that lifestyle modifications such as habitual exercise and healthy eating habits, can moderate the development of hypertension and cardiovascular disease (CVD). [1] [2] [3] [4] Thus, we consider early-stage a lifestyle modification, especially focusing on blood pressure control, to be necessary for preventing the development of CVD.
On the other hand, there is accumulating evidences to suggest that an exaggerated systolic blood pressure (SBP) response to exercise is an independent predictor of the future incidence of hypertension, 5 cardiovascular morbidity, and mortality, 6, 7 even in subjects with normal resting blood pressure. Furthermore, a few studies 8, 9 have demonstrated that an exaggerated SBP response to exercise is associated with target-organ damage. In our previous cross-sectional study, 10 we observed that an exaggerated SBP response to exercise was associated with the nitric oxide (NO) bioavailability and an inflammatory state in normotensive females. However, we were not able to clarify whether or not an exaggerated SBP response to exercise was caused by an inflammatory state, decrease in NO bioavailability and arterial stiffness, due to the cross-sectional design of the previous study. At present, whether or not a decrease in exercise-induced SBP elevation by a lifestyle modification is associated with the improvement in indices of NO bioavailability, oxidative stress, inflammatory states, and arterial stiffness had not been clarified.
We hypothesized that lifestyle modification consisting of aerobic exercise and diet counseling may help to inhibit an exaggerated SBP response to exercise through improving several atherosclerotic markers. This study was designed to examine the effects of a lifestyle modification consisting of aerobic exercise and diet counseling on an exaggerated SBP response to exercise, indices of NO bioavailability, oxidative stress, inflammation, and arterial stiffness in normotensive females.
SUBJECTS AND METHODS

Subjects
A total of 1,503 subjects participated in our Communitybased Lifestyle Modification Program from 1999 to 2010. The protocol for this program was described in previous studies. [11] [12] [13] Hypertension was defined according to the criteria of the Japanese Society of Hypertension (SBP ≥140 mm Hg and/or diastolic blood pressure [DBP] ≥90 mm Hg). 14 A study diagram of the subjects included in this study is shown in Figure 1 . Among the 1,089 subjects who provided their informed consent, subjects with a current or previous history of hypertension, CVD, stroke and/or dialysis treatment, or those taking medications, such as antihypertensive drugs, antihyperlipidemic agents or hypoglycemic agents, and habitual smokers were excluded from the analysis. In this study, male subjects who met the above-criteria were small. Moreover, it is well known that SBP elevation during exercise stress test is different between the genders. 15 Therefore, male subjects were excluded in order to remove the influence of gender. Information on subjects' medical history, taking medications, menstrual state, physical activity level, exercise, and drinking habits were confirmed using self-administered questionnaires before intervention. The subjects were allocated to an exaggerated SBP response or normal SBP response groups based on the results of their SBP response during the exercise stress test before intervention. A total of 78 normotensive females (age 50. All of the subjects gave their informed consent for participation after agreeing with the purpose, methods, and significance of the study. This study conforms to the Declaration of Helsinki, and was approved by the Ethics Committee of University of Occupational and Environmental Health, Japan (No. 03-07).
Exercise stress test
Each subject performed a multistage graded submaximal exercise stress test using an electric bicycle ergometer (Ergometer-232CLX, COMBI, Tokyo, Japan). The protocol for the exercise stress test was described in a previous study. 10 The initial workload and the increase in workload were determined based on their gender, age, body weight, and daily physical activity levels ( Figure 2 ). The resting blood pressure was measured (STBP-780B, Nippon Colin, Tokyo, Japan) in the right arm with the subject sitting on a chair, after more than 5 minutes of rest, and was expressed as the average of duplicate measurements. A second-lead electrocardiography (Multi Exercise Test System ML-1800, Fukuda Denshi, Tokyo, Japan) was recorded continuously during exercise testing. The subjects' blood pressure and the rating of perceived exertion were measured during the last minute of each stage of the test. The workload was increased every 3 minutes, and an exercise stress test was continued until the completion of the final (fourth) stage, or until the target heart rate (HR) (80% HR max) was reached. The maximal oxygen uptake (VO 2 max) was estimated based on the workload obtained from the last minute of the final stage and the HR from the last 10 seconds of the test using the Åstrand-Ryhming's nomogram 16 and Åstrand's age-correction factors. 17 Exercise-induced SBP and DBP elevations were calculated as follows: the exercise-induced HR, SBP, and DBP elevations (%) = (peak values − resting values)/resting values × 100. The target HR was assessed using Karvonen's formula based on the following formula: (estimated maximal HR [220 − age] − resting HR) × 0.5 + resting HR. 18 In this study, an exaggerated blood pressure response to exercise was defined according to the criteria of the Framingham Study (peak SBP ≥190 mm Hg in females). 15 The subjects were divided into 2 groups based on the results of their SBP response during exercise stress test before intervention, as follows: an exaggerated SBP response (peak SBP: ≥190 mm Hg) and normal SBP response groups (peak SBP: <190 mm Hg).
Blood sampling and anthropometric measurements
Blood samples were collected early in the morning by venipuncture from an antecubital vein after at least 12 hours of fasting. The blood biochemistry analyses were conducted by Special Reference Laboratories (SRL, Tokyo, Japan).
The total cholesterol level was measured by the cholesterol dehydrogenase ultraviolet method, and the high-density lipoprotein cholesterol (HDL-C) level was measured by the direct method. The triglyceride levels were measured by the enzyme method. The plasma glucose level was measured by an ultraviolet/hexokinase method. The hemoglobin A 1 c level was measured by high-performance liquid chromatography. The serum insulin levels were measured by an enzyme immunoassay. The high-sensitivity C-reactive protein level was measured by a nephelometry method. The fibrinogen level was measured by the Clauss method and the white blood cell (WBC) counts was measured by the mirror examination method. The low-density lipoprotein cholesterol level was estimated using the Friedewald formula: low-density lipoprotein cholesterol (mg/dl) = total cholesterol (mg/ dl) − HDL-C (mg/dl) − 1/5 × triglyceride level. 19 The plasma thiobarbituric acid-reactive substances (TBARS) and nitrite/nitrate (NOx) levels were analyzed in our laboratory. The plasma TBARS level, an indicator of lipid peroxide, was examined using a fluorescence method, which was described in a previous study. 12, 20, 21 In the present study, the plasma NOx level, a marker of NO production was quantified. It is well known that the plasma NOx level plays a pivotal role in the pathogenesis of various stages of atherosclerosis. 22, 23 The plasma NOx level was measured using an auto-analyzer system equipped with a copperized cadmium reduction column to reduce nitrate to nitrite (TCI-NOX 1000, Tokyo Kasei Kogyo, Tokyo, Japan), as described previously. 12, 24, 25 In the present study, the plasma NOx level was used as the index for the NO bioavailability. 12, 24, 25 Figure 2. The protocol of the multistage graded submaximal exercise stress test. The initial workload and increase in the workload were determined based on the subjects' gender, age, body weight, and daily physical activity levels. Abbreviations: BP, blood pressure; CD, cool-down; ECG, electrocardiography; RPE; rating of perceived exertion; WU, warm-up.
Arterial stiffness measurements
The brachial-ankle pulse wave velocity (baPWV) and ankle-brachial index (ABI) were measured using a volumeplethysmographic apparatus (Form PWV/ABI, Nippon Colin, Tokyo, Japan) after the subjects had rested in a supine position for at least 5 minutes. The complete methodology has been described elsewhere. 26 Electrocardiographic electrodes were placed on both wrists, with a microphone for the phonocardiogram attached to the left chest as a timing marker. Occlusion cuffs connected to both the plethysmographic and oscillometric sensors were placed around both upper arms and both ankles. The brachial and post-tibial arterial pressures were measured by the oscillometric sensor. The waveform data of the brachial and post-tibial arterial pressure were obtained, and the baPWV was automatically calculated using the height of subjects and the time interval between the wave front of the brachial waveform and that of the post-tibial waveform. The ABI was also automatically calculated by the device as the ratio of the SBP in the leg to that in the arm on each side.
The assessment of nutritional status
The nutritional status of the subjects was assessed using a self-administered questionnaire (Well-200, Fukuda Denshi, Tokyo, Japan). We estimated their total energy, protein, fat, carbohydrate, and salt intakes, and other diet-related variables based on their answers to the questionnaire. The subjects' protein, fat, carbohydrate, and salt intake were evaluated using a factor analysis on the basis of the total energyadjusted intake using a density method. 27 
Lifestyle modification program
A lifestyle modification program consisting of aerobic exercise and diet counseling was conducted for 12 weeks in the community. [11] [12] [13] Exercise training consisted of 10 minutes of stretching followed by 30 minutes on an electric bicycle ergometer or treadmill walking, and then 30 minutes of low-impact aerobic dance. Subjects participated in exercise training sessions 2 times per week throughout the 12-week intervention. Subjects were instructed to check their own pulse rate on their radial artery and to exercise at their prescribed target HR. Registered fitness instructors and medical doctors supervised the exercise and the subjects were advised to maintain their target HR. Based on the assessment of each subjects' nutritional status, personal diet counseling was provided by registered dietitians at baseline and 6 weeks after the start of the intervention. The diet counseling generally included instructions not to eat snacks, to limit alcohol, and/or high-calorie beverage consumption, to reduce fatty foods and to restrict salt intake.
Statistical analysis
The data were expressed as the mean and SD. The StatView J-5.0 software package (SAS Institute, Cary, NC) was used for all of the statistical analyses. The intergroup comparisons were performed using Mann-Whitney's U-test for continuous variables and the chi-squared test for categorical variables. Comparisons of the data at baseline and after the 12-week intervention were performed using a Wilcoxon signed-rank test for continuous variables. The differences in the changes in the cardiorespiratory fitness, biochemical, and nutritional parameters of an exaggerated SBP response and normal SBP response groups were included in the 2-way repeated measure analysis of variance for the intervention and groups × time interactions. Pearson's simple regression and the stepwise multivariate regression analyses were performed to determine the associations of the percent change in exercise-induced SBP elevation with the percent changes in several risk factors in an exaggerated SBP response group. Because the high-sensitivity C-reactive protein level was not normally distributed, the data were log-transformed before the analysis. Probability values of <0.05 were considered to indicate statistical significance. Figure 3 shows comparisons of SBP and DBP response during the exercise stress test before and after 12-week intervention in an exaggerated SBP response and normal SBP response groups. After the 12-week intervention, exerciseinduced SBP and DBP elevations significantly decreased in an exaggerated SBP response group, while a significant interaction effect for group × time was seen in SBP at the second, third, and final stages, and exercise-induced SBP elevation between the 2 groups (P < 0.05, respectively). Table 1 shows comparisons of the cardiorespiratory fitness, biochemical, and nutritional parameters before and after 12-week intervention in an exaggerated SBP response and normal SBP response groups. The body mass index, total cholesterol, low-density lipoprotein cholesterol, highsensitivity C-reactive protein, baPWV, ABI, total energy, and salt intakes significantly decreased, and VO 2 max and HDL-C increased in both groups (P < 0.05, respectively). The WBC counts and plasma TBARS levels significantly decreased, and the plasma NOx level increased in an exaggerated SBP response group, while a significant interaction effect for group × time was seen in the WBC counts, the plasma NOx, and plasma TBARS levels between the 2 groups (P < 0.05, respectively). Table 2 shows the association between the percent change in exercise-induced SBP elevation and the percent changes in cardiorespiratory fitness, biochemical, and nutritional parameters determined by a simple regression analysis in an exaggerated SBP response group (n = 25). The percent change in exercise-induced SBP elevation was negatively correlated with the percent changes in VO 2 max, HDL-C, plasma NOx level, and ABI, and positively with percent changes in WBC counts, baPWV, and salt intake (P < 0.05, respectively). In a stepwise multiple regression analysis, the percent change in exercise-induced SBP elevation was entered as a dependent variable, while the percent changes in VO 2 max, HDL-C, WBC counts, plasma NOx level, baPWV, ABI, and salt intake were entered as independent variables. The percent change in exercise-induced SBP elevation was independently associated with the percent changes in plasma NOx level and baPWV (r 2 = 0.647, P < 0.0001, Table 3 ).
RESULTS
DISCUSSION
The major finding of our study was that exercise-induced SBP elevation significantly decreased in an exaggerated SBP response group. These results suggest that a lifestyle modification consisting of aerobic exercise and diet counseling may be able to effectively improve an exaggerated SBP response to exercise in normotensive females.
It has been observed that increases in blood pressure fluctuation in daily life, known as masked hypertension, induce vascular endothelial dysfunction through an increase in oxidative stress and vascular inflammation. 28 Interestingly, a few studies 29, 30 have shown that an exaggerated blood pressure response to exercise was significantly correlated to an elevation in the daytime and nighttime blood pressure as calculated by the ambulatory 24-hour blood pressure measurement. Given these previous findings, an exaggerated SBP response to exercise has been thought to reflect masked hypertension. A lifestyle modification has been considered to be effective not only for improving resting blood pressure but also blood pressure variability in daily life. 31 Jessup et al. 32 investigated the effects of 16-week aerobic exercise training on 24-hour blood pressure level and showed that exercise training can improve the cardiorespiratory fitness and 24-hour blood pressure level, despite no significant changes in resting blood pressure or body composition. Miyai et al. 33 also demonstrated that 12-week aerobic exercise training could reduce exercise-induced SBP elevation, 24-hour blood pressure levels and plasma norepinephrine concentration. Uzu et al. 34 showed that sodium restriction can transform the circadian rhythm of blood pressure from nondipper to dipper. Unfortunately, the ambulatory 24-hour blood pressure was not measured in the present study. However, these results suggest that lifestyle modifications, especially aerobic exercise and diet counseling, are important for improving an exaggerated SBP response to exercise and blood pressure variability in daily life.
Our data showed that the percent change in exerciseinduced SBP elevation was independently associated with the percent changes in the plasma NOx level and baPWV in an exaggerated SBP response group. In our previous cross-sectional study, 10 we observed that an exaggerated SBP response to exercise was associated with NO bioavailability and an inflammatory state in normotensive females. Furthermore, it has been reported that an exaggerated SBP response to exercise was associated with the ambulatory arterial stiffness index in subjects with early-stage hypertension. 35 Thus, our present results support the findings of a previous study showing that an exaggerated SBP response to exercise is dependent on the NO bioavailability and arterial stiffness. At present, the possible mechanisms underlying the blood pressure reduction by a lifestyle modification have been regarded to include that there is a decrease in plasma volume and an acceleration of natriuresis effect; the inhibition of the activation of the sympathetic nervous and renin-angiotensin systems; and increases in NO production and NO bioavailability in the vascular endothelium. 13, [36] [37] [38] Furthermore, it has been demonstrated that a lifestyle modification can effectively Table 2 . Association between the percent change in exercise-induced SBP elevation and the percent changes in cardiorespiratory fitness, biochemical, and nutritional parameters in an exaggerated SBP response group (n = 25) The percent change in exercise-induced SBP elevation was entered as the dependent variable, while the percent changes in other cardiorespiratory fitness, biochemical, and nutritional parameters were entered as independent variables. Abbreviations: ABI, ankle-brachial index; baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; DBP, diastolic blood pressure; HbA 1 c, hemoglobin A 1 c; HDL-C, high-density lipoprotein cholesterol; HR, heart rate; hs-CRP, high-sensitivity C-reactive protein; LDL-C, lowdensity lipoprotein cholesterol; NGSP, National Glycohemoglobin Standardization Program; NOx, nitrate/nitrite; SBP, systolic blood pressure; TBARS, thiobarbituric acid-reactive substances; VO 2 max, maximal oxygen uptake; WBC, white blood cell. ; HDL-C, high-density lipoprotein cholesterol; HR, heart rate; hs-CRP, high sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; NGSP, National Glycohemoglobin Standardization Program; NOx, nitrate/nitrite; SBP, systolic blood pressure; TBARS, thiobarbituric acid-reactive substances; VO 2 max, maximal oxygen uptake; WBC, white blood cell. Table 1 . Continued improve arterial stiffness through improvements in vascular inflammation, oxidative stress, endothelial dysfunction, and organic changes in blood vessels. [36] [37] [38] Goto et al. 37 investigated the effects of different intensities of exercise on endotheliumdependent vasodilation and showed that moderate-intensity aerobic exercise augments endothelium-dependent vasodilation through the increased production of NO and that high-intensity exercise possibly increases oxidative stress. As mentioned above, Miyai et al. 33 observed that 12-week aerobic exercise training was effective in decreasing the exerciseinduced SBP elevation and 24-hour blood pressure level through decreasing the plasma norepinephrine level. Thus, these findings suggest that the improvement in an exaggerated SBP response to exercise by a lifestyle modification consisting of aerobic exercise and diet counseling may occur via mechanisms such as the inhibition of the activation of the sympathetic nervous system, increases in NO bioavailability and improvement in arterial stiffness.
Study limitations and clinical implications
The present study is associated with several limitations. First, the limited study population resulted in a small number of normotensive females who were not taking any medications and who did not have any health complications. It is therefore unclear whether or not our findings are applicable to male subjects, patients with hypertension, and patients who have other complications. Second, there was no control group because this study was carried out within the constraints of Community-based Lifestyle Modification Program. Finally, although the present study included a lifestyle modification program consisting of aerobic exercise and diet counseling, it is unclear whether the influence of either aerobic exercise training or diet counseling was more strongly received. Therefore, this study is confirmatory of at least one other study showing that lifestyle modification program reduced an exaggerated SBP response to exercise.
However, a large number of studies suggest that a lifestyle modification can control the development of hypertension and CVD. [1] [2] [3] [4] The results of the present study therefore show the effects of a lifestyle modification on decrease in exercise-induced SBP elevation through improved NO bioavailability and arterial stiffness and may support the hypothesis that a lifestyle modification consisting of aerobic exercise and diet counseling helps to inhibit an exaggerated SBP response to exercise through improvements in several atherosclerotic markers. A lifestyle modification is an initial step for the prevention of hypertension and CVD. Therefore, we believe our study provides a paradigm of habitual exercise and healthy eating habits to prevent hypertension and CVD in high-risk subjects and might be useful for preventing blood pressure variability in daily life. Additional research in a large number of subjects including control group will be required to more precisely clarify the effects and mechanisms of lifestyle modification consisting of aerobic exercise and diet counseling on an exaggerated SBP response to exercise. The percent change in exercise-induced SBP elevation was entered as the dependent variable, while the percent changes in VO 2 max, HDL-C, WBC counts, plasma NOx level, baPWV, ABI, and salt intake were entered as independent variables. Abbreviations: ABI, ankle brachial index; β, standard regression coefficient; baPWV, brachial-ankle pulse wave velocity; HDL-C, high-density lipoprotein cholesterol; NOx, nitrate/nitrite; SBP, systolic blood pressure; VO 2 max, maximal oxygen uptake; WBC, white blood cell.
